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BINDER FOR BATTERY, BINDER COMPOSITION, ELECTRODE AND BATTERY 

PROBLEM TO BE SOLVED: To provide a battery having stable performance by 
increasing an initial capacity, reducing a capacity decrease and decreasing chipping and 
crack ing in an electrode surface fixing an active material. 



SOLUTION: A polyvinylidene fluoride system polymer (for instance, polyvinylidene 
fjuorideOand a rubber polymer (for instance, polymer obtained as a latex partlcle~by 
copWnenzing ^Pfc^wtjstylen^ meacrylic acid methyl, 5 

pts.wt. acrylonitrileTB pts.wt". itaconic acid) are~fuseTordispersed in a polarity organic 
solvent (for instance, N-methyl pyroliclone), a battery binder composition is formed, active 
material (for instance, LiCo 2 of positive electrode active material, carbon of negative 
electrode active material) is compounded therein] obtained slurry isapplied to an~ 
electrode base unit, the solvent is removed, an elktrode is formed, so as to manufacture 
a battery. 
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(54) BINDER FOR BATTERY, BINDER COMPOSITION, ELECTRODE AND BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a battery having stable performance by increasing an initial capacity, reducing a 
capacity decrease and decreasing chipping and crack ing in an electrode surface fixing an active material. 
SOLUTION: A polyvinylidene fluoride system polymer (for instance, polyvinylidene fluoride) and a rubber polymer (for 
instance, polymer obtained as a latex particle by copolymerizing 40 pts.wt. stylene, 30 pts.wt. butadiene, 20 pts.wt. 
meacrylic acid methyl, 5 pts.wt. acrylonitrile, 5 pts.wt. itaconic acid) are fused or dispersed in a polarity organic solvent (for 
instance, N-methyl pyroliclone), a battery binder composition is formed, active material (for instance, LiCo2 of positive 
electrode active material, carbon of negative electrode active material) is compounded therein, obtained slurry is applied to 
an electrode base unit, the solvent is removed, an electrode is formed, so as to manufacture a battery. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

Pate of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2000 Japan Patent Office 



- 1 of 1 

4 



6/5/02 5:21 PM 



THIS PAGE BLANKS 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the invention] In the cell which used for any of a positive electrode and a negative electrode, or one side the 
electrode which fixed the active material using the binder constituent for cells of this invention, since [ which a capacity fall is 
small in order that an active material may seldom drop out of the electrode, initial capacity is large, and a crazing goes into the 
electrode front face which fixed the active material further, or is missing / things ] it is few, the performance is stable. 
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DETAILED DESCRIPTION 



Petailed description] 
[0001] 

[Field of the Invention] this invention relates to the binder constituent for cells with few degradations, the electrode using it, 
and a cell, even if the capacity of a cell is large and repeats charge and discharge still in detail about the binder constituent for 
cells, the electrode which used it, and a cell. 
[0002] 

[Prior art] The binder for cells is pasted up an electrode substrate front-face top, and an active material is fixed to an electrode 
front face by changing into the status that the active material was fixed in binder structure. The capacity of a cell falls as an 
active material will drop out of an electrode by not obtaining the cell with a big initial capacity, and repeating charge and 
discharge etc. if a binder cannot fix the active material of an amount to an electrode enough, although the capacity of a cell is 
decided according to two or more factors, such as a modality of active material, an amount, a modality of electrolytic solution, 
and an amount. 

[0003] The binder for cells makes the binder constituent which usually melted or distributed the polymer used as a binder to 
the solvent distribute an active material, is applied to an electrode substrate front face, and fixes an active material to an 
electrode front face by volatilizing a solvent. 

[0004] There are two kinds, an organic-solvent system binder constituent and a drainage-system binder constituent, as an 
organic-solvent system binder constituent, usually, what was melted in organic solvents, such as N-methyl pyrrolidine, is 
used, and poly-vinylidene full ******** system polymers, such as poly-vinylidene full ********, are in a binder constituent 
(for example, a publication-number 249860 [ four to ] official report, a publication-number 20 1 3 1 5 [ seven to ] official 
report, a publication-number 2013 16 [ seven to ] official report, etc.). The slurry which made this organic-solvent system 
binder constituent distribute an active material is applied to an electrode substrate, and although initial capacity of a cell can 
be enlarged if the electrode which removed and manufactured the organic solvent is used, when charge and discharge are 
repeated by the cell using this electrode, there is a problem that the active material fixed to the electrode tends to drop out. 
When it improved so that an active material may seldom drop out of an electrode substrate by introducing a polarity by 
carrying out copolymerization of the comonomer which has a polar group (for example, a publication-number 20 1 3 1 5 [ seven 
to ] official report, a publication-number 201316 [ seven to ] official report, etc.), since the enhancement effect was small, and 
it swelled in the electrolytic solution and it became easy for an intensity to fall, with the binder which consists of a 
poly-vinylidene full ******** system polymer, defluxion has not fully been suppressed. 

[0005] What added the carboxyl methyl cellulose etc. as a thickener is used for the water variance liquid of the latex of the 
styrene butadiene rubber manufactured considering water as a solvent by the emulsion-polymerization method using the 
surfactant as a drainage-system binder constituent (for example, a publication-number 342966 [ four to ] official report, a 
publication-number 21068 [ five to ] official report, a publication-number 74461 [ five to ] official report, etc.). The slurry 
which made this drainage-system binder constituent distribute an active material was applied to the electrode substrate, and 
although the active material seldom dropped out of the electrode even if it repeated charge and discharge since an active 
material came to seldom drop out when the electrode which removed and manufactured moisture was used, the cell with a big 
capacity was not obtained. 
[0006] 

[Object of the Invention] Even if the purpose of this invention can enlarge capacity of a cell and it repeats charge and 
discharge, it is in offering the binder constituent for cells with few degradations, the electrode which fixed the active material 
using it, and a cell. 
[0007] 

[The means for solving a technical problem] Zealously, as a result of efforts, this invention persons find out that the 
constituent which blended the nature polymer of rubber with the poly-vinylidene full ******** system polymer is hard to 
omit an active material as a binder, and came to complete this invention. 

[0008] In this way, according to this invention, the cell using the electrode which fixed the active material with the binder for 
cells and this binder for cells which consist of a poly-vinylidene full ******** system polymer and a nature polymer of 
rubber, and the binder and this binder for cells which consist of a solvent, and this electrode is offered 
[0009] 
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[Gestalt of implementation of invention] 

(The poly vinylidene full ******** system polymer) 100 % of the weight is more preferably the most desirable in the repeat 
structural unit to which the poly-vinylidene full ******** system ^ by Ms mvention ori ^ ates m ^ ^ * e 

Ml ora id in a usual case 90% of the weight or more 80% of the weight or more preferably 50% of the weight or more If 
there are too few repeat structural units originating in the vinylidene full ora id, it will become difficult for flexibility to run 
short or for solvent resistance to be low, to fully fix an active material, and to make it maintain, without making it drop out 
[0010] It is good also as a copolymer using the vinylidene full ora id and the comonomer which can be copolymerized in the 
domain which can be held, without fully fixing and omitting an active material if needed. An ethylenic unsaturated monomer 
is mentioned as such a comonomer. For example, styrene, an alpha methyl styrene, vinyltoluene, p-t-butyl styrene Aromatic 
vrny system monomers, such as ****** styrene; (meta) Methyl acrylate, An ethyl acrylate, an acrylic-acid (meta) propyl, a 
butyl acrylate (meta), (Meta) (Meta) Acrylic-ester (meta) system monomers, such as isobutyl acrylate and acrylic-acid (meta) 
2-ethylhexyl; (meta) Acrylamide, Acrylamide (meta) system monomers, such as N-methylol (meta) acrylamide and an 
N-butoxy methyl (meta) acrylamide; (meta) Metaglycidyl acrylate, Glycidyl group inclusion monomers, such as allyl glycidyl 
ether; (meta) Acrylomtnle (meta) system monomers, such as acrylonitnle; Acrylic acid, Carboxyl group inclusion monomers 
such as a methacrylic acid, a crotonic acid, a fumaric acid, and an itaconic acid; Styrene sulfonic-acid ****** sulfonic group' 
inclusion monomers such as an acrylamide methyl propane sulfonic acid,; Amino-group inclusion monomers' such as 
methacrylic dimethyl aminoethyl and a methacrylic-acid diethylaminoe%l,; etc. - it is mentioned Although these most are 
monomers which have a polar group, in order that a binder may make it the thing excellent in the adhesive property it is 
desirable to use the monomer which has a polar group as a comonomer in the case of making a poly-vinylidene full ******** 
system polymer into a copolymer. In this case, copolymerization is carried out so that the repeat structural unit originating in a 
comonomer may become 10 or less % of the weight more preferably 20 or less % of the weight 50 or less % of thlweight If 
there are too many repeat structural units of the comonomer origin, a vinylidene full ora id origin repeat structural unit ' 
decreases too much, solvent resistance will be low and an active material will produce the problem become easy to drop out 
of an electrode substrate, by volume change by charge and discharge. 

[001 1] In an aquosity solvent or an organic solvent, using a persulfate, fault phosphate, etc. as a polymerization initiator 
using me polymerizauontem^ 1.4- 14MPa a polymerization ' 

initiator, an emulsifier, and a chain transfer agent, copolymerization of the poly-vinylidene full ******** system polymer of 
this mvention can be earned out, and it can be obtained, in addition, polymerization degree - desirable - 500 or more - 
more -- desirable -- 800 or more -- and it takes or less for 2000 3000 or less preferably If polymerization degree is too small, 
intensities run short as a binder, if too large, viscosity will become high too much, and it becomes difficult to apply a binder 

[00 1 2] (Nature polymer of rubber) In this invention, in order to make a binder into what was more excellent in flexibility the 
nahire polymer of rubber is blended with a poly-vinylidene full ******** system polymer, and it considers as a binder 
Although especially the nature polymer of rubber is not limited, its nature polymer of rubber which has a polarity in that it 
excels m the adhesion with an active material and it excels in adhesion of an electrode substrate and an active material as a 

binder is desirable. 

[0013] The nature polymer of polar rubber is a nature polymer of rubber which contains more preferably especially the repeat 
sectoral unit originating in the monomer (henceforth a polar monomer) which has a polarity 1 00 or less % of the weight 
30/o of die weight or more preferably 10% of the weight or more 5% of the weight or more. The problem that a polarity is 
sma I when tfiere are few polar-monomer origin repeat structural units, and an active material tends to exfoliate from an 

nI^ e t Sl ! """I r Pr ? UCed ' f d " iS h3rd 001111118 10 dlStribute t0 311 or g anic As a Polar monomer, ethylene 

natae nitryl compound [, such as acrylonitrile (meta), croton nitril, and allyl-compound nitril, ]; etc. can be used • Ethylene 

n^ThT 1011 ^ S ' T h V^ 91 (met3) aCiylate ' e%1 (meta) aC1 ^ late ' ^ (™ta) acrylate, acrylic (meta) 

nitnl, and hydroxyethyl (meta) acrylate; Ethylene nature unsaturated carboxylic acids, such as an acrylic acid, a methacrylic 
acid, an itaconic acid a fumanc acid, and a maleic acid; Ethylene nature ^saturation carvone acid anhydrides such as a 
Especially, dicarboxyhc-acid anhydrides, such as dicarboxylic acids, such as an itaconic acid, a fumaric acid, and a maleic 
™, J?7, a 10 fln ^ dnde - eta 3X6 ^sirable at the point which raises the bond strength of an electrode 
[001 4] Moreover, since the balance of an intensity and flexibility is good, as for the nature polymer of polar rubber it is 
desirable that they are an aromatic vinyl and a conjugated-diene system polymer. This desirable aromatic vinyl and 
conjugated-diene system polymer The repeat structural unit originating in the above-mentioned polar monomer preferably 5% 

wlflt^f ° r <n °? C Z e f[° r m ° re ' m ° re " desirable " 30 % of ^ or more - and 40 or less % of the 
weight more preferably 50 or less % of the weight Preferably especially 35 or less % of the weight, styrene, an alpha methyl 

™Z JTi t ^ Ther ? eat structural uml originating in aromatic vinyl system monomers, such as p-t-butyl styrene, 
preferably 1 :> /» of the weight or more, more - desirable - 20 % of the weight or more - especially - desirable - 25 % of 
toe weight or more - and 50 or less % of the weight preferably Preferably especially 45 or less % of the weight 40 or less % 

f * V - J "^ ene * ? C F ?f 1 *T* ^ o^*^ " «>njugated-diene system monomers, such as isoprene, 

2, 3-dimethyl - 1 , 3-butadiene, 1 , and 3-pentadiene, preferably 1 5 % of the weight or more, more - desirable - 20 % of the 
weight or more -- espec.ajly - desirable - 30 % of the weight or more - and it is 40 or less % of the weight especially 
pref CT aMy 50 or less % of the weight more preferably 80 or less % of the weight When there are too many polar monomers 
the property of an aromauc vinyl and a conjugated-diene system polymer seldom appears, and it is inferior to flexibility If ' 
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there is too little aromatic vinyl system monomer, or intensities run short if there is too much conjugated-diene system 
monomer, there is too much aromatic vinyl system monomer or there is too little conjugated-diene system monomer, 
flexibility runs short. If intensities run short, an active material will tend to drop out of an electrode substrate for volume 
change called swelling and deflation of the active material by charge and discharge, in case a cell will be assembled since an 
electrode is thin if flexibility runs short, also by slight deformation of an electrode, a binder becomes easy to exfoliate from an 
electrode substrate, and an active material tends to drop out of an electrode substrate. 

[001 5] Especially the manufacture technique of the nature polymer of rubber used for this invention is not limited, but 
although solution polymerization or an emulsion polymerization is sufficient, the polymerization also of the case of the 
aromatic vinyl and conjugated-diene system polymer which is a nature polymer of polar rubber is usually carried out by the 
emulsion polymerization as a latex particle from a simple thing etc. More than the dispersion-medium 60 weight section that 
generally makes water a principal component for the monomer mixture 100 weight section when carrying out an emulsion 
polymerization 200 weight section is distributed preferably more than 100 weight section and below 300 weight section. 
Preferably more than the emulsifier 1 weight section More than 2 weight section and below 10 weight section Preferably 
more than the polymerization initiator 0. 1 weight section below 7 weight section More than 0.2 weight section and below 1 
weight section - desirable -- below 0.6 weight section -- further - the molecular weight modifier of an initial complement - 
in addition, the temperature of 30 degrees C or more -- desirable - 50 degrees C or more and the polymerization of the 100 
degrees C or less is carried out, stirring below 90 degrees C preferably After carrying out the polymerization of a part of batch 
method which carries out a polymerization after making a dispersion medium distribute all monomers beforehand, and 
monomer, you may carry out a polymerization by any of the semi batch method which adds and carries out the polymerization 
of the remaining monomer to a dispersion medium continuously, and the continuous method which adds and carries out the 
polymerization of the monomer to a dispersion medium continuously. As an emulsifier, polyoxyethylene alkyl ether, 
polyoxyethylene alkylphenol ether, Non-ionicity emulsifiers, such as a polyoxy ethylene oxide polypropylene-oxide' 
copolymer; Alkyl sulfonate Alkyl allyl-compound sulfonate, alkyl sulfate, and alkyl sulfosuccinate 
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EXAMPLE 



^SS^^^if 1 ^^ m eXamplC ' ^ CXample ° f a 00111133115011 m ^ ven to below > md is 

[0030] Styrene 400g butadiene 300 gj 200g [ of methyl methacrylates ], and acrylonitrile 50g, 50g of itaconic acids 4r of 
auryl ammonium sulfates, and lOg of sodium bicarbonates were added and stirred in 11. of example of reference 1 water and 
the monomer emulsion was prepared. ' 
[003 1] After heating at 80 degrees C, making it react for 1 hour and adding 80g of potassium persulfate with 200ml of water 
ne^K ™ ° at T '0g of ethylenediaminetetraacetic acid, lOg of lauryl ammonium sulfates, 20g of potassium' 
persulfate, and 10% of the weight of the above-mentioned monomer emulsion, tte remaining monomer was contmuously 
added at uniform velocity over 4 hours, and it was made to react to a pan for 4 hours. The remaining monomer was 

m^Srf m a ^, pH W3S adjUSted t0 7 by ** ]mum hydroxide - ^ addition . * e "vert ratio was about 99% 

[0032] 2000g N-methyl pyrrohdone was added to 250ml of the obtained latex variance liquid, moisture was removed using 
the evaporator, and latex-particle organic-solvent variance liquid was obtained. The mean particle diameter of the 
solid-content concentration of 9.3 % of the weight, the moisture of about 180 PP m, and a latex particle of this latex-particle 
organic-solvent variance liquid was 0. 1 8 micrometers. 

[0033] Latex-particle organic-solvent variance liquid was obtained like the example 1 instead of example of reference 2 
styrene 400g, butadiene 300g, 200g [ of methyl methacrylates ], and acrylonitrile 50g, and 50g of itaconic acids except using 
styrene 500g, butadiene 250g 1 50g [ of methyl methacrylates ], and acrylonitrile 1 OOg. The mean particle diameter tfth7 
sohd-content concentration of 7.0 % of the weight, the moisture of about 200 ppm, and a latex particle of this latex-particle 
organic-solvent variance liquid was 0. 1 8 micrometers. 

[ !! 034] ^Ift 3 * 1 ? or ^ c - solvent variance h quid was obtained like the example 1 instead of example of reference 3 
styrene 400g, butadiene 300g, 200g [ of methyl methacrylates ], and acrylonitrile 50g, and 50g of itacodc acids except using 
styrene 350g, butadiene 200g, 200g [ of methyl methacrylates ], and acrylonitrile lOOg, lOOg of itaconic acids, and 50gof 
fumanc acids. The mean particle diameter of the solid-content concentration of 4.0 % of the weight, the moisture of 180 ppm 
P latex-particle organic-solvent variance liquid was 0. 1 8 micrometers ' 

[0035] The binder constituent of this invention was obtained so that the amount of solid contents might become 3 weight 
section about the latex-particle organic-solvent variance liquid obtained among the example lN-methyl pyrrolidone 30 
Toftf™ m POly -™ ylidene M ******** (Polymerization degree 1000 [ about ]) 5 weight Ltion and the example 

[0036] the carbon (the product made from the Kansai thermology -) which is a negative-electrode active material to the 
amount of solid contents 8 weight section in a constituent at this binder constituent Add the NG-12L100 weight section and 
N-methyl pyrrohdone 1S added so that viscosity may be set to about 7000cps. The slurry was prepared and it applied on 
copper foil w,th a thickness of 0. 1 mm, and at them, it held at 1 30 degrees C for 5 hourl, and dried, the binder fayer to which 

decuSe) ofti*Lvenuor ten ^ ^ ftme * and * cou6dmi aS ** electrode <-™& at ™ 

[0037] Moreover, the same binder constituent isreceived at the amount of solid contents 4 weight section in a constituent 
LiLoiW weight section which is a positive active material, and acetylene black (the DENKI KAGAKU KOGYO make --) a 

«my" "-rT 1 ? " ra ° k 10 "j^ 5 * 1 ™ is added viscosit y ^ set to about 7000cps - as - N-methyl pyrrolidone -- in 
addition The slurry was prepared and it applied on aluminum foil with a thickness of 0.05mm, and at them, it held at 130 

wS"wi° r a H r S ', m f^' the binC ! er ky f t0 Which thlCkneSS flXed me active material "^o™ °- 5n ™ W the roll press 
was formed, and the electrode (positive electrode) was manufactured. 

[ °°i 8 ] ™ ^ electrodes of a negative electrode and a positive electrode were clipped in a circle with a diameter of 15mm 
on the Teflon plate .using the tubed blade. Neither the crack nor the chip accepted in the disconnection section of the actrT 
material layer fixed with the binder. 

E !? SeP , anit ? ^ °° nSiStS 11,686 ^ 6l6Ctr0d6S 0f 3 circular fme P orosit y (fiber nonwoven fabric) with a 
oZ SlflltZk f 3 T ° f 50 ™ crom , eters made from Polypropylene intervene, the active material layer each 
ofoer fixed with the binder was made to counter, and it contained in the sheathing container made from the stainless steel 
which has arranged packing made from polypropylene (only for one, a base with the diameter of 20mm, a height [ of 1 8mm 1 
and a stainless steel thickness of 0.2mm ,s a certain cylindrical cup). Into a container, the electrolytic so uUon wluch mS 
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LiPF6 in concentration of one mol/1. at the solvent which mixed ethylene carbonate and diethyl carbonate to 1 ■ 1 by the 
volume ratio is poured m so that air may not remain. Put the cap of stainless steel with a thickness of 0 2mm and fix a 
sheathing container and a cap through packing made from a pli propylene, and a contents is ****ed so that copper foil may 
contact a cap and aluminum foil may contact a container base, respectively. The coin type cell with a diameter \ of 20mm 1 
and a thickness of 2.0mm was manufactured. 

[0040] 4.0V were charged with the galvanostatic process (current density: l.OmAW), on this cell, the charge and discharge 

3 °7 WCTe P^ 0 ™ 1 ^ md chan 8 e of capacity was measured on it. The capacity in the 1 st charge was 
80mAhs (100%), and was 160mAhs (it falls to about 89%) in the 50th charge at 170mAhs (it falls to about 94%) and the 
1 00th charge. 

[004 1] Except using the latex-particle organic-solvent variance liquid obtained in the example 2 of reference instead of the 
atex-particle organic-solvent variance liquid obtained in the example 1 of example 2 reference, the electrode was produced 
like the example 1, the cell was obtained, and the performance was investigated. 

[0042] Neither the crack nor the chip accepted in the disconnection section of the active material layer fixed with the binder 
™ a ,? ,am ? ter 1 5mm ° f ^ electrodes cl »PPed circularly. Moreover, the capacity in the 1 st charge was 1 75mAhs 
(100 /o), and was 155mAhs (it falls to about 89%) in the 50th charge at 160mAhs (it falls to about 91%) and the 100th 
charge. 

[0043] Except using the latex-particle organic-solvent variance liquid obtained in the example 3 of reference instead of the 
atex-particle organic-solvent variance liquid obtained in the example 1 of example 3 reference, the electrode was produced 
like the example 1, the cell was obtained, and the performance was investigated. 

[0044] Neither the crack nor the chip accepted in the disconnection section of the active material layer fixed with the binder 
with a idiameter of 15mm of two electrodes clipped circularly. Moreover, the capacity in the 1st charge was 185mAhs 
(lOO/o), and was 160mAhs (it falls to about 86%) in the 50th charge at 170mAhs (it falls to about 92%) and the 100th 

charge. 

[0045] Except using the binder constituent which added the poly-vinylidene full ******** 10 weight section to the N-methyl 
pyrrolidine 90 weight section instead of the binder constituent prepared example of comparison 1, the electrode was 
produced like the example 1, the cell was obtained, and the performance was investigated 

[0046] The crack accepted in the disconnection section of the active material layer fixed with the binder with a diameter of 
15mm of two electrodes clipped circularly, and the chip accepted in most fraction. Moreover, although the capacity in the 1st 
charge was 1 80mAhs, since it fell to 20 or less mAhs by the 40th time, measurement was stopped 
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[Claims] 

12* 

[Claim 1] A battery binder consisting of a polyvinyl idene fluoride 
polymer and a gum polymer. 

[Claim 2] A battery binder of Claim 1 in which the gum polymer is 
a polar gum polymer. 

[Claim 3] A battery binder of Claim 1 or 2 in which the gum polymer 
is an aromatic vinyl -conjugated diene copolymer. 

[Claim 4] A binder consisting of the battery binder of Claim 1,2, 
or 3 and a solvent. 

[Claim 5] An. electrode on which an active material is fixated by 
means of the battery binder of Claim 1 1, 2, or 3 . 

[Claim 6] A battery in which an electrode of Claim 5 is utilized. 
[Detailed Explanation of the Invention] 
[0001] [Field of Industrial Application] 

The present invention pertains to battery binder compositions and 
to electrodes and batteries in which the compositions are utilized, more 
specifically to battery binder compositions that have large battery 
capacities and that suffer little deterioration after repeated charging 
and discharging and to electrodes and batteries in which the compositions 
are utilized. 
[0002] [Prior Art] 

A battery binder fixates an active material on an electrode surface 
by adhering to the electrode's base surface and by fixating the active 
material within the binder structure. The capacity of the battery is 
'Numbers in the margin indicate pagination of the foreign text. 
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determined by multiple factors, such as the type and quantity of 
the active material, the type and quantity of the electrolyte, etc. A 
battery with a large initial capacity cannot be obtained unless the binder 
fixates a sufficient amount of active material to the electrode. In 
addition, the capacity of the battery decreases as the active material 
sheds from the electrode in repeated charging and discharging. 

[0003] As for the battery binder, normally, an active material is 
dispersed in a binder composition obtained by dissolving and dispersing 
a polymer, which will be the binder, in a solvent. The mixture is applied 
on the electrode's base surface, the solvent is volatilized, and the active 
material thus becomes fixated to the electrode surface. 

[0004] Binder compositions are divided into two types, which are 
organic solvent binder compositions and aqueous binder compositions. As 
an organic solvent binder composition, normally, a substance obtained 
by dissolving a polyvinyl idene fluoride polymer, such as polyvinyl idene 
fluoride, in an organic solvent, such as N-methylpyrrolidone, is utilized 
(for example, Kokai No. 4-249860, Kokai No. 7-201315, Kokai No. 7-201316, 
etc.). The initial capacity of a battery can be increased by using an 
electrode produced by applying a slurry obtained by dispersing an active 
material in this organic solvent-type binder composition to the electrode 
base and by removing the organic solvent, but there is a problem in that 
the active material fixated to the electrode tends to shed when charging 
and discharging are repeated in a battery that contains the electrode. 
Even when an improvement is made by making it more difficult for the active 
material to shed from the electrode base by introducing polarity by 
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copolymer! zing a comonomer having polar groups (for example, Kokai 
No. 7-201315, Kokai No. 7-201316, etc.), the effect of the improvement is 
small when a binder is made of a polyvinyl idene fluoride polymer, or the 
binder becomes swollen in the electrolyte and its strength becomes likely 
to decrease. Therefore, the shedding could not be inhibited sufficiently. 

[0005] As an aqueous binder composition, a substance obtained by 
admixing carboxymethylcellulose as a thickener to a water-dispersed 
solution of a latex of styrene-butadiene copolymer rubber produced by 
using water as the solvent in an emulsion polymerization method using 
a surfactant is utilized (for example, Kokai No. 4-342966, Kokai No . 5-21068 , 
Kokai No. 5-74461, etc.). When an electrode made by applying a slurry, 
which is obtained by dispersing an active material in the aqueous binder 
composition, to the electrode base and by removing the water content is 
utilized, the active material becomes less likely to shed. Therefore, 
the active material becomes unlikely to shed from the electrode as a result 
of repeated charging and discharging, but a battery with a large capacity 
cannot be obtained. 

[0006] [Problems that the Invention is to Solve] 

The purpose of the present invention is to supply a battery binder 
composition that can increase the battery capacity and that suffers little 
deterioration in repeated charging and discharging and to supply an 
electrode and battery in which the active material is fixated by utilizing 
the battery binder composition. 
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[0007] [Means for Solving the Problems] 

As a result of diligent study, the present inventors discovered that 
a composition obtained by mixing a gum polymer with a polyvinyl idene 
fluoride polymer works as a binder and makes it difficult for the active 
material to shed and thus completed the present invention. 

[0008] In this manner, the present invention supplies a battery binder 
composed of a polyvinyl idene fluoride polymer and a gum polymer, a binder 
consisting of said battery binder and a solvent, an electrode that has 
an active material fixated to it by means of said battery binder and solvent, 
and a battery in which said electrode is utilized. 
[0009] [Working Mode of the Invention] 
(Polyvinyl idene fluoride polymer) 

In the polyvinyl idene fluoride polymer utilized in the present 
invention, it is preferred that the repeated structural units originating 
in vinylidene fluoride be 50 weight% or more, preferably 80 weight% or 
more, or more preferably 90 weight % or more, and in normal circumstances, 
100 weight% is most preferred. If the repeated structural units that 
originate in vinylidene fluoride are too few, the flexibility becomes 
insufficient or the solvent resistance becomes too low, and it becomes 
difficult to fixate the active material adequately and to hold it by 
preventing it from shedding. 

[0010] As necessary, it is permissible to obtain a copolymer by using 
a comonomer capable of copolymerizing with vinylidene fluoride as long 
as the active material can be adequately fixated and held without shedding. 
An ethylenic unsaturated monomer can be mentioned as such a comonomer, 
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and the following can be mentioned as examples: /aromatic vinyl monomers, 
such as styrene, a-methylstyrene, vinyltoluene, p-t-butylstyrene, /3 
chlorostyrene, etc.; (meth) acrylic ester monomers, such as methyl 
(meth)acrylate, ethyl (meth) acrylate , propyl (meth) acrylate , butyl 
(meth)acryalte, isobutyl (meth) acrylate , 2-ethylhexyl (meth) acrylate, 
etc.; (meth) acrylamide monomers, such as (meth) acrylamide , N-methyrol 
(meth) acrylamide, N-butoxymethyl (meth) acrylamide, etc.; 
glycidyl -group-containing monomers, such as glycidyl (meth) acrylate, 
allyl glycidyl ether, etc.; (meth) acrylonitril monomers, such as 
(meth)acrylonitril; carboxyl -group-containing monomers, such as acrylic 
acid, methacrylic acid, crotonic acid, fumaric acid, itaconic acid, etc.; 
sulfonic-acid-group-containing monomers, such as sodium styrenesulf onate, 
acrylamide methylpropane sulfonic acid, etc.; amino-group-containing 
monomers, such as methacryl dimethyl aminoethyl , diethyl aminoethyl 
methacrylate; etc. The majority of these are monomers containing polar 
groups. In order to make the adhesion of the binder excellent, it is 
preferred that a monomer containing polar groups be used as the comonomer 
that is utilized to turn the polyvinyl idene fluoride polymer into a 
copolymer. In this case, copolymerization is performed in a manner such 
that the repeated structural units originating in the comonomer constitute 
50 weight% or less, preferably 20 weight% or less, more preferably 10 
weight% or less. If the repeated structural units originating in the 
comonomer are too numerous, the repeated structural units originating 
in vinylidene fluoride become insufficient, and problems occur in that 
the solvent resistance becomes low and the active material becomes likely 



6 



THIS 



(JUSPTO) 



to shed from the electrode base due to the volume change caused by charging 
and discharging. 

[0011] The polyvinyl idene fluoride polymer of the present invention 
can be obtained by allowing copolymerization to occur in an aqueous solvent 
or organic solvent by using persulfate, perphosphate, etc., as the 
polymerization initiator and by using an emulsif ier, chain transfer agent, 
etc., at a polymerization temperature of 40~140°C and polymerization 
pressure of 1.4~14MPa. Moreover, the degree of polymerization should 
preferably be 500 or higher, more preferably 800 or higher, and preferably 
3000 or lower, more preferably 2000 or lower. If the degree of 
polymerization is too low, the binder's strength becomes insufficient, 
and if the degree is too high, the viscosity becomes too high and it becomes 
difficult to apply the binder composition. 
[0012'f" (Gum Polymer) 

In the present invention, a gum polymer is combined with the 
polyvinyl idene fluoride polymer to obtain a binder with better flexibility. 
Although the gum polymer is not particularly limited , a gum polymer having 
polarity is preferred since the binder will have superb adhesiveness to 
the active material and since excellent bonding can be achieved between 
the electrode base and the active material. 

[0013] The polar gum polymer is a gum polymer containing preferably 
5 weight% or more, more preferably 10 weight % or more, particularly 
preferably 30 weight% or more and 100 weight% or less of repeated structural 
units originating in a monomer with polarity (hereafter referred to as 
polar monomer) . If the repeated structural units originating in the polar 
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. monomer are too few, problems such as the polarity being too weak and 
the active material peeling easily from the electrode base may occur. 
Also, the dispersion in an organic solvent becomes difficult to carry 
out. As the polar monomer, the following can be utilized: ethylenic nitrile 
compounds, such as (meth) acrylonitrile, crotonic nitrile, allylnitrile, 
etc.; ethylenic unsaturated carboxylic acid esters, such as methyl 
(meth)acrylate, ethyl (meth) acrylate, butyl (meth) acrylate, 
(meth) acrylonitrile, hydroxyethyl (meth) acrylate, etc.; ethylenic 
unsaturated carboxylic acids, such as acrylic acid, methacrylic acid, 
itaconic acid, fumaric acid, maleic acid, etc.; ethylenic unsaturated 
carboxylic anhydrides, such as maleic anhydride; etc. Dicarboxylic acids, 
such as itaconic acid, fumaric acid, maleic acid, etc., and dicarboxylic 
anhydrides, such as maleic anhydride, are preferred since they increase 
the bonding strength of the electrode. 

[0014] Moreover, 'it' is" preferred that the polar gum polymer be an 
aromatic vinyl -conjugated diene polymer, since good balance between the 
strength and flexibility can be obtained. In this preferred aromatic 
vinyl -conjugated diene polymer, the repeated structural units originating 
in the above polar monomer are 5 we'ight% or higher, preferably 10 weight% 
or higher, more preferably 30 weight% or higher and preferably 50 weight% 
or less, more preferably 40 weight% or less, and even more preferably 
35 weight% or less, the repeated structural units originating in an 
aromatic vinyl monomer, ^^iT^tyrene?) a-methylstyrene , vinyltoluene, 
p-t-butylstyrene, etc., are preferably 15 weight% or higher, more 
preferably 20 weight % or higher, particularly preferably 2 5 weight% or 
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higher and preferably 50 weight% or less, more preferably 45 weight% or 
less, and particularly preferably 40 weight% or less, and the repeated 
structural units originating in a conjugated diene monomer, such as 
1,3 -butadiene, isoprene, 2, 3 -dimethyl -1, 3 -butadiene, 1 , 3 -pentadiene, 
etc., are preferably 15 weight% or higher, more preferably 20 weight% 
or higher, particularly preferably 30 weight% or higher and preferably 
80 weight% or less, more preferably 50 weight% or less, and particularly 
preferably 40 weight% or less. If the polar monomer is too much, it is 
difficult for the characteristics of the aromatic vinyl -conjugated diene 
polymer to be exhibited, and the flexibility will be poor. If the aromatic 
vinyl monomer is too little or the conjugated diene monomer is too much, 
the strength becomes insufficient. If the aromatic vinyl monomer is too 
much or the conjugated diene monomer is too little, the flexibility becomes 
insufficient. When the strength is insufficient, the volume change that 
occurs when the active material expands or shrinks as a result of charging 
or discharging makes the active material more likely to shed from the 
electrode base. If the flexibility is insufficient, the binder becomes 
likely to peel from the electrode base due to a slight deformation of 
the electrode that occurs when the battery is assembled since the electrode 
is thin, and the active material becomes likely to shed from the electrode 
base. 

[0015] The manufacturing method for the gum polymer utilized in the 
present invention is not particularly limited. An aromatic vinyl- /4 
conjugated diene polymer that is a polar gum polymer may be obtained by 
either solution polymerization or emulsion polymerization, but for 
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convenience, it is normally obtained as latex grains by means of emulsion 
polymerization. When performing emulsion polymerization, in general , 100 
weight parts of a monomer mixture is dispersed in 60 weight parts or more, 
preferably 100 weight parts or more, and 300 weight parts or less, 
preferably 200 weight parts or less, of a dispersion medium. After adding 
1 weight part or more, preferably 2 weight parts or more, and 10 weight 
parts or less, preferably 7 weight parts or less, of an emulsifier, 0.1 
weight part or more, preferably 0.2 weight parts or more, and 1 weight 
part or less, preferably 0 . 6 weight parts or less, of an emulsion'initiator , 
and a necessary amount of a molecular weight adjustor, polymerization 
is carried out by stirring at a temperature of 30 °C or higher, preferably 
50°C or higher, and 100°C or lower, preferably 90°C or lower. The 
polymerization may be carried out' by one of a batch method in which 
polymerization is carried out after dispersing all of the monomer in a 
dispersion medium in advance, a semi -batch method in which part of the 
monomer is polymerized and in which the rest of the monomer is then 
continually admixed to the dispersion medium to be polymerized, or a 
continuous method in which polymerization is carried out by continually 
admixing the monomer to the dispersion medium. As the emulsifier, the 
following can be mentioned: nonionic emulsifiers, such as polyoxyethylene 
alkyl ether groups, polyoxyethylene alkyl phenol ether groups, 
polyoxyethylene oxide-polypropylene oxide copolymers, etc.; and anionic 
emulsifiers, such as alkyl sulfonate groups, alkyl sulf osuccinate groups, 
and polyoxyethylene alkylphenyl ether sarukueeto [as transliterated] 
groups. As the polymerization initiator, a persulfate, such as potassium 
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persulfate, ammonium persulfate, etc., or a peroxide, such as hydrogen 
peroxide, benzoyl peroxide, cumene peroxide, tertiary butyl hydroperoxide, 
etc., is utilized. As necessary, a reducer, such as sodium bisulfite, 
ascorbic acid, etc., and/or a polymerization aid, such as disodium 
phosphate, may be admixed. 

[0016] Moreover, in a case in which an aromatic vinyl -conjugated 
diene polymer that is a polar gum polymer is obtained by means of emulsion 
polymerization, the grain size of the polymer obtained as latex grains 
is O.Olfim or larger, preferably 0.05/m or larger, more preferably O.lOjan 
or larger, and 10/zm or smaller, preferably l/z or smaller, more preferably 
0.5/zmor smaller. Moreover, in a case in which an aromatic vinyl -conjugated 
diene polymer that is a polar gum polymer is obtained by means of solution 
polymerization, the weight -average molecular weight in terms of 
polystyrene in gel permeation chromatography using tetrahydrof uran as 
the solvent should be 20,000 or more, preferably 30,000 or more, more 
preferably 50,000 or more, and 1,000,000 or less, preferably 800,000 or 
less, even more preferably 500,000 or less. If the grain size or molecular 
weight is too small, the adhesiveness becomes poor and the active material 
becomes likely to shed from the electrode substrate, and if they are too 
large, polymerization becomes difficult to perform. 
[0017] (Battery Binder) 
^> for every 100 weight parts of the polyvinyl idene fluoride polymer, 

the battery binderjDf_the present invention contains 5 weight parts or 
|> more, pref erablv^weight parts or more, more preferably 4 0 weight parts 
,or more, and 100 weight parts or less, preferably 90 weight parts or less, 
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more preferably 80 weight parts or less, of the gum polymer. If there 
is too little gum polymer, the flexibility will be insufficient, which 
causes a slight strain in the electrode to peel the binder from the 
electrode substrate, and the active material layer on the electrode surface 
may crack or chip. On the contrary, if the amount is too much, the strength 
becomes insufficient, and the active material becomes likely to shed due 
to volume changes in the active material caused by charging and 
discharging. 

[0018] (Battery Binder Composition) 

The battery binder composition of the present invention is a battery 
binder solution or dispersed solution. Normally, for convenience, a binder 
composition is prepared by allowing optional ingredients, such as a 
polyvinyl idene fluoride polymer, a gum polymer, etc., to dissolve or 
disperse in one solvent instead of preparing a binder in advance. 

[0019] The solvent is not particularly limited as long as the 
polyvinylidene fluoride polymer and gum polymer can be dissolved or 
dispersed in it. In particular, if a p olar gum polym er is used as the 
gum^ ^mer, it is possible to ^d isperse the gum polymer in a polar organic 
^solvent, such as N-methylpyrrolidone, dimethyl fluoride, etc., in which 
the polyvinylidene fluoride polymer can be dissolved or dispersed readily. 
Moreover, even with a ketone type, such as acetone, met hylethyl ketone, 
methyl isobutyl ketone, etc., a furan type, such as tetrahydrofuran, 
rurufuraaru [as transliterated] , etc. , an ester type, such as ethyl acetate, 
methyl acetate, etc., or a nitrile type, such as acetonitrile, 
propionitrile, etc., in which polyvinylidene fluoride usually does not 
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dissolve, polyvinyl idene fluoride becomes dissolvable depending on the 
type and amount of the comonomer utilized for the polyvinyl idene fluoride 
polymer, and solvents of these can also be utilized as long as a gum polymer 
can be dissolved or dispersed in them. 

[0020] The amount of solvent is not particularly limited, either, 
but normally, preferably 400 weight parts or more, more preferably 500 
weight parts or more, most preferably 800 weight parts or more, and 
preferably 10,000 weight parts or less, more preferably 5,000 weight parts 
or less, and most preferably 2,000 weight parts or less, of a solvent 
is used for every 100 weight parts of the binder. Either too much or too 
little of it makes it difficult to apply the binder composition. 
[0021] (Electrode) 

The electrode of the present invention can be obtained by preparing 
a slurry by combining an active material with the battery binder 
composition, applying it to the electrode base, and removing the solvent 
in order to solidify the active material in the matrix of the binder formed 
on the electrode base surface. 

[0022] ; The active material utilized in the present invention is not 
particularly limited as long as it functions as an active material. 
Normally, carbon is utilized as the negative-electrode active material, 
and as the positive-electrode active material, a lithium-containing 
compound oxide, such as lithium manganese oxide, lithium cobalt oxide, 
lithium nickel oxide, lithium iron oxide, etc., can be utilized in addition 
to an oxide, sulfide, serinkabutsu [as transliterated] , etc. of molybdenum, 
vanadium, titanium, niobium, etc. As the active material to 
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be fixated, carbon is preferred since it becomes particularly firmly- 
fixated inside the binder matrix and is unlikely to shed while being used 
as the battery's electrode. 

[0023] The amount of the active material of the slurry utilized in 
the present invention is not particularly limited, either, but the active 
material is combined with the battery binder composition in a manner such 
that it is preferably 5 times or more, more preferably 7 times or more, 
and 1000 times or less, more preferably 100 times or less, than the battery 
binder in terms of weight. If the amount of the active material is too 
little, inactive areas increase on the surface of the binder layer to 
which the active material is fixated and its function as an electrode 
may become insufficient. If the amount of the active material is too much, 
the active material will not become sufficiently fixated to the electrode^ 
base and becomes likely to shed. In addition, the slurry is utilized after 
mixing a solvent with it in order to obtain a concentration that makes 
the application easy to carry out. 

[0024] The electrode base utilized in the present invention is not 
particularly limited as long as it consists of a conductive material, 
but an article made of a metal, such as iron, copper, aluminum, etc., 
is utilized in general. The shape is not particularly limited, either, 
but since a large electrode surface area is- preferred, a sheet that is 
about 0.05-0. 5mm in thickness is usually utilized. 

[0025] The method for applying the slurry is not particularly limited. 
It is applied by means of immersion or brush coating, for example. The 
amount of coating should be adjusted so that the thickness of the binder 
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layer to which the active material is fixated and that is obtained after 
removing the organic solvent will preferably be 0.1mm or more, more 
preferably 0.5mm or more, and preferably 5mm or less, more preferably 
2mm or less . The method for removing the organic solvent is not particularly 
limited, either, but the organic solvent is normally removed by adjusting 
the degree of pressure reduction and the degree of heating so that the 
organic solvent will be volatilized as soon as possible within a speed 
range in which cracking does not occur in the binder layer due to stress 
concentration and in which shedding from the electrode base does not occur. 
[0026] (Battery) 

The battery of the present invention has the electrode of the present 
invention utilized for at least one of the positive electrode or negative 
electrode, this battery has a structure in which the sides of the positive 
electrode and negative electrode that have the active materials fixated 
to them (the binder- layer sides of the electrodes of the present invention) 
are made to face each other and in which an electrolyte is filled between 
the two electrodes. In the case of a large-scale battery, the electrodes 
are made to be tape -shaped, a separator sheet is sandwiched between and 
wrapped around the negative electrode and positive electrode, and these 
are immersed in a case filled with an electrolyte. In the case of a 
small-scale battery, the electrodes are made to be disk-shaped sheets 
and are immersed in an electrolyte filled in a coin-shaped' case . By such 
methods, it is possible to obtain a battery that is easy to use and that 
has a large capacity. 
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[0027] The electrolyte is not particularly limited, either. One that 
exhibits the functions of a battery should be selected in accordance with 
the types of the negative-electrode active material and the 
positive-electrode active material . For instance, LiCf0 4 , LiBF 4 , CF 3 S0 3 Li, 
LiT, LiA?Cf 4 , LiPF 6 , NaC£0 4 , NaBF4 , Nal , (n-Bu) 4 NC?0 4 , etc. can be mentioned 
as examples of the electrolyte. As the solvent, the following can be 
mentioned as examples: ether types, ketone types, lactone types, nitrile 
types, amine types, amide types, sulfur compound types, chlorinated 
hydrocarbon types, ester types, carbonate types, nitro compound types, 
phosphoric ester compound types, sulfolane compound types, etc. In general, 
ethylene carbonate and diethyl carbonate are widely utilized. 
[0028] (Modes) 

As the modes of the present invention, the following can be mentioned 
as examples: (1) a battery binder consisting of a polyvinyl idene fluoride 
polymer and a gum polymer; (2) a battery binder of (1) in which the gum 
polymer is a polar gum polymer; (3) a battery binder of (1) or (2) in 
which the gum polymer contains 5-100 weight% of repeated structural units 
originating in a monomer having polar groups; (4) a battery binder of 
one of (1)~(3) in which the gum polymer is an aromatic vinyl -conjugated 
diene copolymer; (5) a battery binder of one of (l)-(4) in which the gum 
polymer contains 5-50 weight% of repeated structural units originating 
in a monomer having polar groups, 15-50 weight% of repeated structural 
units originating in an aromatic vinyl monomer, and 15-80 weight% of 
repeated structural units originating in a conjugated diene monomer; (6) 
a battery binder of one of (1) - (5) in which the gum polymer is latex grains 
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having a grain diameter of 0 . 01~10f/m; (7) a battery binder of one of (1) - (5) 
in which the weight -average molecular weight of the gum polymer with 
respect to polystyrene in gel permeation chromatography in which 
tetrahydrofuran is used as the solvent is 20,000-1,000,000; (8) a battery 
binder of one of (1)~(7) in which the polyvinyl i dene fluoride polymer 
contains 50-100 weight% of repeated structural units originating in 
vinylidene fluoride; (9) a battery binder of one of (l)-(8) in which the 
degree of polymerization of the polyvinyl idene fluoride polymer is 
500-3,000; (10) a battery binder of one of (1)~(9) in which 5-100 weight 
parts of gum polymer is combined with 100 weight parts of polyvinyl idene > 
fluoride polymer; (11) a battery binder composition consisting of a solvent 
and one of (l)-(io); (12) a battery binder composition of (11) in which 
400-10,000 weight parts of solvent is added to 100 weight parts of the 
battery binder; (13) an electrode in which an active material is fixated 
by means of the battery binder of one of (1)~(10); (14) an electrode of 
(13) in which 5-1000 times as much active material as the battery binder 
with respect to weight is fixated; (15) an electrode of one of (1)-(10) 
obtained by dispersing an active material evenly in the battery binder 
composition, by applying the mixture on the electrode base, and by removing 
the solvent; (16) a battery in which the electrode of one of (13)- (15) 
is utilized for at least one of the positive electrode or negative 
electrode; etc. 

[0029] [Working Examples] / 6 

In the following, the present invention will be explained concretely 
by mentioning reference examples, working examples, and comparative 
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examples . 

[0030] Reference Example 1 

A monomer emulsion was prepared by admixing 400g of styrene, 300g 
of butadiene, 200g of methyl methacrylate, 50g of acrylonitrile, 50g of 
itaconic acid, 40g of ammonium lauryl sulfate, and lOg of sodium 
bicarbonate to 1 litter of water and by stirring the mixture. 

[0031] 3.4 litters of water, lOg of ethylenediamine tetraacetic acid, 
lOg of ammonium lauryl sulfate, 20g of potassium persulfate, and lOg of 
the above monomer emulsion were mixed and were heated to 80 °C while being 
stirred. After 1 hour of reaction, 80g of potassium persulfate was added 
together with 200m£ of water. Then, the rest of the monomer was continually 
added at the constant speed over* 4 hours, and 4 more hours of reaction 
was carried out. The residual monomer was removed by reducing the pressure, 
and the pH was adjusted to 7 by means of lithium hydroxide. The inversion 
rate was about 99%. 

[0032] 2000g of N-methyl pyrrol idone was added to 250mf of the obtained 
latex-dispersed solution, the water content was removed by using an 
evaporator, and a latex-grain organic solvent dispersed solution was 
obtained. This latex-grain organic solvent dispersed solution had a 
solid-content concentration of 9 . 3 weight %, about 180ppm of water content, 
and an average latex-grain diameter of 0.18/um. 
[0033] Reference Example 2 

A latex-grain organic solvent dispersed solution was obtained in 
the same manner as in Working Example 1 except for utilizing 500g of styrene, 
250g of butadiene, 150g of methyl methacrylate, and lOOg of acrylonitrile 
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instead of 400g of styrene, 300g of butadiene, 200g of methyl methacrylate , 
50g of acrylonitrile, and 50g of itaconic acid. This latex-grain organic 
solvent dispersed solution had a solid-content concentration of 7 . 0 
weight %, about 200ppm of water content, and an average latex-grain diameter 
of 0.18/m. 

[0034] Reference Example 3 

A latex-grain organic solvent, dispersed solution was obtained in 
the same manner as in Working Example 1 except for utilizing 350g of styrene, 
200g of butadiene, 200g of methyl methacrylate, lOOg of acrylonitrile, 
lOOg of itaconic acid, and 50g of fumaric acid instead of 400g of styrene, 
300g of butadiene, 200g of methyl methacrylate, 50g of acrylonitrile, 
and 50g of itaconic acid. This latex-grain organic solvent dispersed 
solution had a solid-content concentration of 4 . 0 weight %, 180ppm of water 
content, and an average latex-grain diameter of 0.18/zm. 
[0035] Working Example 1 

The binder composition of the present invention was obtained by 
admixing 5 weight parts of polyvinyl idene fluoride (degree of 
polymerization = about 1000) and 3 weight parts in terms of the solid 
content of the latex-grain organic solvent dispersed solution obtained 
in Reference Example 1 to 30 weight parts of N-methylpyrrolidone . 

[0036] A slurry was prepared by adding to 8 weight parts of the solid 
content inside the binder composition 100 weight parts of carbon (NG-12L 
made by Kansai Netsugaku [as transliterated] ) , which is a 
negative-electrode active material, and N-methylpyrrolidone so that the 
viscosity became about 7000cps. The slurry was applied to a O.lmm-thick 
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copper foil and was dried by being kept at 13 0°C for 5 hours. A binder 
layer that had an even thickness of 0.5mm and in which the active material 
was fixated was made by means of a roll press and was made to be the electrode 
(negative electrode) of the present invention. 

[0037] Moreover, a slurry was prepared by adding to the same binder 
composition 90 weight parts of LiCo 2 , which is a positive-electrode active 
material, and 10 weight parts of acetylene black (Denkaburakku [as 
transliterated] made by Denki Kagaku Kogyo K.K.) for every 4 weight parts 
of the solid content of the binder composition and by adding 
N-methylpyrrolidone so that the viscosity became about 7000cps. The slurry 
was applied to 0.05mm-thick aluminum foil and was dried by being kept 
at 13 0 °C for 5 hours. A binder layer that had an even thickness of 0.5mm 
and in which the active material was fixated was made by means of a roll 
press and was made to be the electrode (positive electrode) . 

[0038] Both negative and positive electrodes were cut out into 
15mm-diameter circles on a Teflon plate by means of a cylindrical blade. 
No cracking or chipping was observed at the cut portions of the 
active-material layers fixated by the binders. 

[0039] Both of these electrodes were placed in a stainless-steel 
external container (a cylindrical container that has only one bottom and 
that is 20mm in diameter, 1.8mm in height, and 0.2mm in stainless-steel 
thickness) provided with polypropylene packing by allowing the active 
material layers having the binders fixated to them to face each other 
with a separator that has a diameter of 16mm and a thickness of 50/im and 
that consists of a circular polypropylene microporous film (fiber nonwoven 
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fabric) provided between them. An electrolyte was obtained by dissolving 
LiPF 6 at a concentration of Imol/litter in a solvent that is a 1:1 mixture 
of ethylene carbonate and diethyl carbonate in terms of volume and was 
injected into the container in a manner such that no air remained. A 
0.2mm-thick stainless-steel cap was put on, the external container and 
the cap were fixated by means of the polypropylene packing, and the contents 
were sealed in a manner such that the copper foil touched the cap and 
the aluminum foil touched the container's bottom surface. Thus, a coin 
battery having a 20mm diameter and a 2.0mm thickness was prepared. 

[0040] This battery was subjected to charging and discharging by 
means of a rated current method (current density = 1.0mA/cm2) in which 
the battery was charged to 4.0V and then discharged down to 3.0V, and 
the capacity changes were measured. The capacity at the first charging 
was 180mAh (100%) , the capacity at the 50th charging was 170mAh (decreased 
to about 94%) , and the capacity at the 100th charging was 160mAh (decreased 
to about 8 9%) . 
[0041] Working Example 2 

Electrodes were prepared in the same manner as in Working Example 
1 except for utilizing the latex-grain organic solvent dispersed solution 
obtained in Reference Example 2 instead of the latex-grain organic solvent 
dispersed solution obtained in Reference Example 1 , a battery was obtained, 
and its performance was investigated. 

[0042] No cracking or chipping was observed at the cut portions /7 
of the active-material layers of both electrodes, which were cut out into 
circles of 15mm in diameter, fixated by the binders. The capacity at the 
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first charging was 175mAh (100%) , the capacity at the 50th charging was 
160mAh (decreased to about 91%) , and the capacity at the 100th charging 
was 155mAh (decreased to about 89%) . 
[0043] Working Example 3 

Electrodes were prepared in the same manner as in Working Example 
1 except for utilizing the latex-grain organic solvent dispersed solution 
obtained in Reference Example 3 instead of the latex-grain organic solvent 
dispersed solution obtained in Reference Example 1 , a battery was obtained, 
and its performance was investigated. 

[0044] No cracking or chipping was observed at the cut portions of 
the active-material layers of both electrodes, which were cut out into 
circles of 15mm in diameter, fixated by the binders. The capacity at the 
first charging was 185mAh (100%) , the capacity at the 50th charging was 
170mAh (decreased to about 92%) , and the capacity at the 100th charging 
was 160mAh (decreased to about 86%) . 
[0045] Comparative Example 1 

Electrodes were prepared in the same manner as in Working Example 
1 except for utilizing a binder composition obtained by adding 10 weight 
parts of polyvinyl idene fluoride to 90 weight parts of N-methylpyrrolidone 
instead of the prepared binder composition, a battery was obtained, and 
its performance was investigated. 

[0046] Cracks were observed at the cut portions of the active-material 
layers of both electrodes, which were cut out into circles of 15mm in 
diameter, fixated by the binders. Chipping was also observed in a 
considerable number of areas. The capacity at the first charging was 180mAh, 
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but the' measurement was cancelled since it dropped to less than 20mAh 

at the 40th charging. 

[0047] [Effects of the Invention] 

In a battery in which an electrode having an active material fixated 
to it by means of a battery binder composition of the present invention 
is utilized for either one of the positive electrode or negative electrode, 
the active material is unlikely to shed from the electrode. Therefore, 
the capacity drop is small, the initial capacity is large, and there is 
only little cracking or chipping on the electrode surface to which the 
active material is fixated. Therefore, the performance is stable. 
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